Youth encounter physical activity barriers, often called problems. The purpose of problem solving is to generate solutions to overcome the barriers. Enhancing problem-solving ability may enable youth to be more physically active. Therefore, a method for reliably assessing physical activity problem-solving ability is needed. The purpose of this research was to report the development and initial validation of the physical activity problem-solving inventory for adolescents (PAPSIA). Qualitative and quantitative procedures were used. The social problem-solving inventory for adolescents guided the development of the PAPSIA scale. Youth (14-to 17-year-olds) were recruited using standard procedures, such as distributing flyers in the community and to organizations likely to be attended by adolescents. Cognitive interviews were conducted in person. Adolescents completed pen and paper versions of the questionnaire and/or scales assessing social desirability, self-reported physical activity, and physical activity self-efficacy. An expert panel review, cognitive interviews, and a pilot study (n = 129) established content validity. Construct, concurrent, and predictive validity were also established (n = 520 youth). PAPSIA is a promising measure for assessing youth physical activity problem-solving ability. Future research will assess its validity with objectively measured physical activity.
adolescents were physically active 60 min a day (38) . Because PA in adolescence tracks into young adulthood (16) , adolescence offers a critical intervention period. Thus, enhancing PA during adolescence has substantial public health significance.
Barriers are impediments to the performance of a behavior (19) , such as PA (7, 13, 28) . It is well-documented that youth perceive barriers to PA (1, 2, 23, 27, 30, 34, 35, 41) . Finding ways to overcome perceived barriers may help youth get more PA.
Problem solving is a complex process undertaken to develop a solution to overcome real or perceived barriers (15) . Problem solving has been included in interventions targeting youth PA (4, 18, 24, 29, 36) . However, there has been little consistency in methods for teaching youth to solve problems, and problem solving is rarely evaluated separately, which makes it difficult to draw conclusions regarding the effect of problem-solving training on PA problem-solving ability or PA. Research is needed to clarify these relationships and to identify ideal methods for teaching youth to effectively address barriers to PA (5) . To facilitate this, a scale that accurately and reliably measures youth perceptions regarding their PA problem-solving ability is needed.
The social problem-solving literature offers insight into how to design and structure a scale to measure PA problem-solving ability. Social problem solving is a skill-based activity that occurs when solving real-life problems (11, 15) . The social problem-solving inventory for adolescents (SPSI-A; 11, 14, 15 ) is a reliable and valid measure that conceptualizes social problem-solving ability among youth. It operationalizes problem-solving ability as a multistep process, consisting of both automatic processes (i.e., effective solution generation based on past experience) and formalized, evaluative procedures undertaken when automatic processes are not well established or do not produce an effective solution. The conceptual framework supporting SPSI-A is briefly described below.
Automatic processes are the rules, facts, and procedures successfully used by an individual to solve social problems in the past; i.e., they are learned responses that become habitual reactions to problem situations (15) . When automatic processes do not result in a satisfactory solution, a more formalized, evaluative process is initiated (i.e., formalized procedures; 15).
Formalized procedures include problem orientation and problem-solving skills (11, 14, 15) . Problem orientation represents the motivational aspect of problem solving, reflecting problem awareness, and problem-solving efficacy (15) . It determines when, if, and how problem solving will occur (11) and consists of cognitive (i.e., problem recognition), emotional (i.e., positive or negative arousal), and behavioral (i.e., problem-solving style, i.e., approach or avoidance) subprocesses (11, 14, 15) . These subprocesses determine both an individual's belief in their ability to solve a problem and their motivation to do so (15) .
Problem-solving skills include sequential, independent activities (subprocesses): problem identification, strategy generation, strategy evaluation/selection, and strategy implementation/outcome evaluation/reformulation (11, 14) . Each represents a critical step in developing an effective solution (11) . Strengths across these skills are not necessarily equal, and deficits in any one can impair the generation of an effective solution (11) . Deficits in problem-solving skills can be identified (15) , and the skills can be taught (15) , suggesting that problem-solving ability is malleable and can be increased.
PA problem solving represents a specific type of social problem solving; as such, it requires a specialized item pool that specifically measures PA problemsolving ability. This paper describes how the conceptual framework supporting SPSI-A guided the development and initial validation of an instrument to measure PA problem-solving ability in adolescents (PAPSIA; Figure 1 ).
Approach
The development of PAPSIA used both qualitative and quantitative procedures. The protocol was approved by the institutional review board at Baylor College of Medicine. All participants provided written informed parental consent and child assent before participation.
Instrument Development and Content Validity
PAPSIA was developed using a systematic approach that included expert panel review, cognitive interviews, and pilot testing before validating it with self-reported PA ( Figure 2 ). The instrument was developed specifically for 14-to 17-year-olds because this age range roughly approximates high-school-aged youth, a particularly vulnerable time for PA, as PA declines throughout childhood and adolescence (39) . Table  2 for individual items linking to each subscale (adapted from the social problem-solving inventory for adolescents). Abbreviations: strategy eval/selection = strategy evaluation/ selection. strategy implem/eval/reform = strategy implementation/outcome evaluation/ reformulation Professional Expert Panel Review. Using the conceptual model underlying SPSI-A (14) as a guiding framework, an item pool was generated specific to PA. The item pool was reviewed by an expert panel consisting of exercise scientists, physical-education teachers, and behavioral scientists. Content validity was established based on expert ratings of items for theoretical adherence, developmental appropriateness, and clarity. The item pool was further refined and a first draft of PAPSIA created, which contained 60 items with three response options: true of me, a little true of me, and not true of me.
Cognitive Interviews with Youth. Forty 14-to 15-year-old youth (the youngest end of the targeted age range), equally stratified by gender and race/ethnicity (Asian, Black, Hispanic, White), participated in cognitive interviews (40) to review the initial draft of PAPSIA. The interviews, guided by a semistructured script, were conducted individually with only a trained interviewer and the participant present. The interview began by asking participants the meaning of key phrases and concepts (i.e., PA, problem, problem solving, and PA problem solving). Participants then reviewed and commented on the directions, response options, and items from the draft questionnaire. To minimize response burden, participants were asked to review only two items per scale or subscale (Table 1) . Items were systematically rotated to ensure each item was reviewed at least twice by each gender and racial/ethnic group. For each item reviewed, participants were asked what the item meant and whether there were any confusing words. For misunderstood items or confusing words, the interviewer restated the item and/or defined it, and asked for suggestions on how to change it to enhance clarity. To assess cognitive burden and thought processes, participants were also asked how they decided which response option to choose. Before ending the interview, the adolescents were asked to suggest items to add to the questionnaire. 
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I believe some problems are easier to solve than others.
9
I believe I will not be able to find a way to solve the problem.
10 I believe I have what it takes to find a solution.
11 Even if my first solution doesn't work, I believe I will find a way to solve the problem.
12 I believe the problem is a challenge that I can overcome. 26 I spend more time worrying about the problem than trying to solve it.
27 I wait to see if the problem will solve itself before I try to find a solution.
28 I put off solving the problem as long as I can.
29 I avoid solving the problem by doing something else.
30 I avoid thinking about the problem. Results. The cognitive interviews indicated youth understood the key words. However, the directions and response options were confusing, and several items on the questionnaire were worded in ways that were viewed as undesirable, redundant, or wordy. Therefore, the directions were shortened, the format was changed to incorporate bullet points, and definitions of key terms were included to ensure consistency in interpretation. Response options were modified to usually, sometimes, and never. Selected items were also modified as indicated, including word changes (i.e., from grown up to mature and smart to competent), combining similar items to reduce redundancy (i.e., I feel frustrated, I feel angry, and I feel upset because I don't like having to deal with problems to frustrated or angry because I don't like dealing with problems) and shortening items to remove extraneous words (i.e., I feel afraid my parents will get angry if I can't find a solution to the problem to afraid my parents will get angry if I can't find a solution). Some items were eliminated (i.e., I decide how each solution will affect me), and others were added (i.e., I try the first solution I think of). The resulting questionnaire contained 50 items organized into the SPSI-A conceptual framework (global ability, three scales, and seven subscales; Figure 1 ).
Pilot Testing. The 50-item questionnaire was pilot tested with 129 14-to 17-year-old youth (30% Black, 27% White, 20% Hispanic, 20% Asian; 50% male). Participants were recruited using standard techniques, such as flyers posted in the community and contacting community organizations with access to the age group, such as scout troops. Participants completed pen and paper versions of the questionnaire. Psychometric properties were assessed with classical test theory procedures, using SPSS v. 11.0 (33). Item estimates included the item mean (item difficulty) and discrimination (the corrected item-total correlation [CITC]). Internal consistency of the hypothesized higher-order factors was calculated using Cronbach's alpha. Items with poor (CITC <.05) or questionable (CITC <.20) discrimination were identified. Adequate reliability was accepted with internal consistency reliability coefficients of at least .70 (22) .
Results. Examination of the CITC scores and consideration of the underlying conceptual framework resulted in revision (i.e., modification and/or replacement) of 13 items (Table 2 ) and the addition of two items to better reflect the dimensions of the subscales. Consistent with the SPSI-A conceptual framework, the resulting Inventory contained a global ability score, three scale scores, seven subscale scores (Figure 1) , and a total of 52 items rated on a three-point Likert-type scale (never, sometimes, usually). 
Validation Study
Participants. Recruitment was designed to obtain a multiethnic sample of 14-to 17-year-olds (n = 520). Primary recruitment methods included using the participant database at the USDA/ARS Children's Nutrition Research Center and contacting community organizations, such as schools and scout troops to let them know about the study. Standard recruitment methods such as flyers and presentations to community groups were also used. 
Table 3 (continued)
Instruments. Participants completed a pen and paper version of the 52-item PAPSIA (Table 3) . Directions were printed on the questionnaire. Negatively worded items were reverse coded. Subscale scores were obtained by averaging the items associated with the subscale; the problem orientation and problem-solving skills scale scores were obtained by averaging the corresponding subscale means. The automatic processes scale did not contain subscales; therefore, the scale score was obtained by averaging the items within the scale. Higher scale scores indicated greater functioning in that particular scale. To obtain the global PA problem-solving ability score (global score), the problem orientation, problem-solving skills, and automatic processes scale scores were averaged, with higher scores indicating greater PA problem-solving ability.
Standard demographic information (date of birth, gender, race/ethnicity) was collected. PA (yesterday, usually) was assessed with the GEMS Activity Questionnaire (37) . Responses were MET-weighted by activity and averaged to obtain a measure of PA. Adequate reliability (yesterday r = .70, p < .0001; usually r = .79, p < .0001) and validity with four days of accelerometry (yesterday r = .27, p < .05; usually r = .29, p = .05) have been demonstrated (37) . PA self-efficacy was measured using an existing 19-item questionnaire developed for youth (response options: disagree, not sure, and agree; 32). In this sample, the questionnaire exhibited an internal consistency of .84. This scale was included because self-efficacy measures one's confidence in ability to successfully perform a behavior (3). Therefore, theoretically, PA global problem-solving ability and PA self-efficacy should be positively correlated, such that higher PA problem-solving ability should be associated with higher PA self-efficacy.
Statistical Analyses
Internal consistency of the hypothesized scales was calculated using Cronbach's alpha. Construct validity was assessed by performing a third order confirmatory factor analysis (CFA) in LISREL 8.52 (20) . The hypothesized measurement model did not change from the pilot phase (Figure 1) . The model consisted of seven subscales, three scales, and one global scale. The third order CFA allowed for modeling of the subscales (first order), scales (second order), and global scale (third order). Because the data were ordered, parameter estimates (factor loadings, variances, and error terms) were obtained with maximum likelihood estimation of the polychoric correlations and asymptotic covariances. Because the data were ordered and not normally distributed, both the normal theory chi-square (χ 2 NT ) and the Satorra-Bentler chi-square goodness of fit (χ 2 SB ) statistics were obtained (31). Hu and Bentler's (17) chi-square goodness of model fit statistics (p > .15) were assessed. Model chi-square goodness of fit is influenced by sample size; therefore, the root mean square error of approximation (RMSEA), the comparative fit index (CFI), and the non-normed fit index (NNFI) were used. RMSEA <.05 indicated good fit, and values between .08 and .10 indicated mediocre fit; CFI and NNFI >.90 were indicative of good fit (8) . Because high PA problemsolving ability should be associated with higher PA and higher PA self-efficacy, concurrent and predictive validity were investigated using Pearson correlations of the relationships among the global score, scale scores, subscale scores, PA self-efficacy, and PA.
Results
Participants (n = 520) in the validation study were nearly evenly split between males (51.3%) and females (48.7%). About one-third of the sample was White (35.4%) and one-third Hispanic (35.0%), with the remainder self-identifying as Black (22.3%) or Other (7.3%). Most participants were 14 or 15 years old (60%).
Reliability
The internal consistency scores of the revised PAPSIA (Table 3) were 0.58, 0.79, and 0.74, for automatic processes, problem orientation, and problem-solving skills scales, respectively. Although problem orientation and problem-solving skills scales exhibited acceptable reliability, the reliability for the automatic processes scale was just below the generally acceptable value of .60. However, inter-item correlations among items in the automatic processes scale were similar to interitem correlations among the other scales, and the average inter-item correlation of .21, a measure of internal consistency, was within the acceptable range (10) . The low Cronbach's alpha may have been influenced by the small number of items (n = 5). The scale may benefit from the addition of more items. Because the alpha for the automatic processes scale was just below the generally accepted range, future work using item response modeling, a sample independent technique, should be conducted to better assess the psychometric properties of the automatic processes scale.
Construct Validity
Results from the confirmatory factor analysis yielded a model with acceptable fit. As expected with the large sample size, both chi-square statistics were significant (χ 2 NT =5970, χ 2 SB =2751, df = 979, p < .001). Other measures of fit were within the acceptable range (RMSEA = 0.059, 90%CI= 0.056, 0.62; CFI = 0.95; NNFI = 0.94) . Thus, the model was deemed acceptable with no modifications necessary. The factor loadings from the items to the subscales/scales and from the scales to the global score were all significant (Table 3) .
Concurrent and Predictive Validity
All correlations were significant at p < .01 except the correlation between the strategy evaluation/selection subscale and simple (r = .12) and MET-weighted minutes of PA (r = .11), which were significant at p < .05 (Table 4) . Correlations of the subscale and scale scores with global ability scores were moderate to high, ranging from .54-.85; closer examination indicated high correlations between the scales and global PA problem-solving ability (.74-.85). Correlations between the problem orientation scale and its subscales were also high (.75 to .79). Similar results were seen for the problem-solving skills scale and its subscales (.79-.82).
The correlation between PA self-efficacy and global problem-solving ability was moderate (.40). Finally, the correlations between simple and MET-weighted minutes of PA and problem orientation, problem-solving skills, automatic processes, and global problem solving were low, ranging from .20 to .29. Global Problem-Solving Ability (1) 1.00
Automatic processes (2) .84 1.00
Problem orientation (3) .74 .37 1.00
cognitive (4) .64
. 
Discussion
The purpose of this study was to develop a measure to assess PA problem-solving ability among adolescents (PAPSIA). The process was guided by an existing measure of social problem-solving ability in adolescents (SPSI-A; 14, 15) . Research has demonstrated that interventions promoting problem solving can produce enhanced functioning in children, adolescents, and adults for a variety of health behaviors, such as weight, psychological distress, and protective sexual practices (15) . Therefore, it is reasonable to assume that PA problem-solving ability among youth can be enhanced. Before this can be determined, however, a psychometrically sound measure of PA problem-solving ability is needed. This research produced a systematically developed and psychometrically tested measure of perceived PA problem-solving ability (PAPSIA) among adolescents. The initial validation studies reported here provide preliminary evidence of reliability and validity among diverse 14-to 17-year-olds. Global PA problem-solving ability and its scales (automatic processes, problem orientation, and problem-solving skills) were positively and significantly correlated with both self-reported PA and PA self-efficacy, suggesting that PA problem-solving ability may be related to self-reported PA. Correlations between the automatic processes scale and simple and met-weighted minutes of PA were low, which may be partially explained by the low levels of PA among youth (9) , or it may be that the scale may not predict PA very well. Acceptable construct validity of the instrument was exhibited with the confirmatory factor analysis indices. The global scale and the problem orientation scale exhibited acceptable construct validity when validated against PA self-efficacy (6) . The remaining scales exhibited fair construct validity with PA self-efficacy. The instrument also exhibited fair construct validity when correlated with the GAQ.
The automatic processes scale represents habitual problem-solving responses when PA barriers are encountered (14, 15) ; since many youth fall below the recommended level of PA (9) , it may be that they are not experienced at problem-solving to overcome barriers to PA. An alternative explanation is that youth may not have a habitual way of responding to PA barriers. In other words, when they encounter a barrier that keeps them from being physically active, they may respond in a variety of ways depending on the nature and importance of the barrier in relation to PA (e.g., homework vs. being tired). Further, PA may not be important to the adolescent which would influence whether they attempt to overcome barriers. The weak correlation may also be related to the use of self-reported PA which is less accurate than objectively measured PA (26) . Future research needs to investigate relationships among various aspects of PA (such as frequency of PA, types of barriers, and perceived importance of PA) and the automatic processes scale. Further, these relationships should also be investigated with global problem-solving ability and the more formalized processes (problem orientation, problem-solving skills). Finally, the scale should be validated with objectively measured PA and potential moderating effects of gender, race/ethnicity, and socioeconomic status should be investigated.
Problem solving provides an opportunity for youth to overcome problems by creating effective solutions. Thus, enhancing PA problem-solving ability among adolescents may provide an avenue for increasing PA in adulthood by providing a foundation for overcoming barriers to PA. The ultimate goal of this research is to use PAPSIA to guide intervention work to enhance PA problem-solving ability in adolescents.
This research provides suggestive evidence that PA problem-solving ability can be measured and is related to self-reported PA. Strengths of this study include adherence to a systematic approach, use of a multiethnic sample of youth, and use of an expert panel to develop the item pool. Further, more than one type of validity was established. Limitations include use of self-reported PA and problemsolving ability and testing the questionnaire with 14-17-year-olds in only one city in Texas, thus limiting generalizability. Social desirability of response (12) was not measured, which may have influenced the responses. It is possible that other variables account for detected relationships between problem solving and PA and PA self-efficacy.
Conclusion
This research provided suggestive evidence that PAPSIA is a promising measure for assessing youth PA problem-solving ability among 14-to 17-year-olds. The next step in this line of research is to repeat the validation study with objectively measured PA and further investigate the psychometric properties with more advanced techniques which are not sample dependent. Future studies should investigate potential differences in PA problem-solving ability by gender, race/ethnicity, and socioeconomic status.
